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通过 HREELS，AES 和 LEED，本论文研究了 Mo(110)表面与氧的相互作用，包括




氧振动。穴位氧振动发生从 600 到 640 波数的偏移有可能是由氧吸附层之中相互排斥力
增大引起的。而 642cm-1 振动为 Mo(110)表面饱和吸附氧的振动，对应的饱和氧覆盖度
约为 0.78ML。另外，清洁的 Mo(110)表面经过氧吸附预处理，可以在 Mo(110)表面形成
氧吸附层，从而阻碍其他气体在 Mo(110)表面的吸附和表面积碳的形成。 
Mo(110)表面在 573 K-1073 K 的温度范围内低氧压(1×10-6 Torr)氧化后，按所形成氧
化物膜表面结构的不同，氧化过程大致可以分成两个阶段。首先，在 573-773 K，Mo(110)
表面逐渐被氧化，形成较薄的 MoOx 膜。所形成的 MoOx 表面存在许多台阶位，表面结
构与 Mo(110)接近。其次，在高温氧化(873-1073K)，Mo(110)表面形成了 MoO3 膜，且
形成了新的表面结构。随着氧化的进行，氧化钼的厚度渐渐增加。最后在 1073 K 氧化
后，形成了具有(2×2)长程有序性的 MoO3 膜。根据 MoO3 膜在高温低氧压下的稳定性，
推测最外层的 MoO3 膜较薄，可能为表面 MoO3 物种，且表面 MoO3 与基底 Mo(110)之
间可能形成了低价的 MoOx，其中 0<x<3。生成的 MoO3 膜经 e-Beam 还原后，表面振动




















The chemical interaction between oxygen and transition metal surface is of considerable 
research and practical importance, which is common and crucial for many industrial oxidation 
reactions, and has attracted much attention in surface science. Oxygen absorption and the 
intense oxidation of the Mo(110) surface were studied by means of HREELS, AES and LEED. 
At 0.67 ML, most O ad-atoms reside in the hollow site, while few are located on the long bridge 
site, as evidenced by a dominant loss at 600 cm-1 and a small feature at 513 cm-1. With increased 
oxygen exposure, a new peak at 642 cm-1 appears and becomes the main feature in the 
vibrational spectrum after multiple oxygen exposures. This feature can also be attributed to the 
O-Mo vibration in the hollow site and the frequency shift of this vibration might be caused by 
a rise in the lateral interaction along with the increasing oxygen coverage. The loss at 642 cm-
1 is also the statured vibration of oxygen absorbed on the Mo(110) surface and the statured 
coverage of oxygen absorption on Mo(110) surface is approximately 0.78 ML, while the 
corresponding LEED pattern is a complex (1×1) structure. It was also found that the existence 
of the oxygen ad-layer can hinder the further absorption of other gases on Mo(110) surface in 
UHV chamber and keep the surface clean.  
Successive oxidation of the Mo(110) surface as the temperature increases from 573 K to 
1073 K was performed under low oxygen pressure (110-6 Torr). Below 773 K, a thin three-
dimensional molybdenum oxide film is gradually formed on the Mo(110) surface, which 
produces numerous step sites on its surface and the surface structure is similar to that of 
Mo(110). Above 873 K, new patterns appear in the LEED and the oxide film goes thicker, and 
at 1073 K a proposed epitaxial structure of MoO3/MoOx/Mo(110) is produced, where 0<x<3, 
with a well-ordered (22) surface structure. This oxide film eventually prepared has a potential 
application as a model catalyst for supported MoO3 heterogeneous catalysts.  
 



















仪器不断被创造出来，如 X 射线光电子能谱 XPS(1954 年[1])，扫描隧道电子显微镜
















































Bauer 对在 Mo(110)上氧气的吸附量与不同 LEED 衍射图案关系做了重要的工作[17, 
19, 20, 23]。Bauer[17]建立了 Mo(110)表面吸附氧覆盖度与对应的 LEED 衍射图案之间
的关系，他发现在氧覆盖度 θ=0.25 时，对应的 O/Mo(110)表面呈现了 p(2x2)的衍射图
案；在 θ=0.28 时，出现了一个新的 p(2x2)衍射点，并且强度随氧覆盖度的增加而增加，
在 0.4 ML 左右强度达到最大。同时，超结构的衍射点(super structure spots)往[1-10]方向
移动。覆盖度在 0.45≤θ≤0.60 范围内，出现了复杂的衍射图案，其中超结构衍射点的分
裂(splitting)随着吸附氧的增加而减少。在覆盖度超过 0.6 个单层时，出现的了新的衍射
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